
Contents 1979

1979-1

January 1,2: Obstacle scattering with Dirichlet boundary condition.

1979-2

January 4,5,6: Discrete scattering.

January 7: Continuous analogue interpretation of det(I −G−ζ V ) as a characteristic polynomial.

January 9: Analysis of H = 1
i

(
d

dx
− V

)
= H0 + iV as an operator on L2(R). Dirac scattering

on R.

January 10: Interpretation of det(I − G+
λ ) as a characteristic polynomial for the Schrödinger

differential equation.

January 11: Schrödinger differential equation on R and associated wave equation.

1979-3

January 13,14: Reconciling Lipmann- Schwinger and Lax-Phillips for the radial Dirac system.

January 15,16: On a Dirac system on 0 ≤ x ≤ ∞,
d

dx

(
u1
u2

)
=

(
ik p
p −ik

)(
u1
u2

)
, u1(0) = u2(0), p(x) = cδ(x− ε).

1979-4

January 23: Commutative algebra interpretation of det(I −G+
z V ).

January 24-28: Defining detJ when J is an endomorphism of a free rank 1 module over C[z, z−1].

1979-5

January 25-31: Understanding D/D ′ for the continuous case when the wave equation is
∂2u

∂t
=
∂2u

∂x2
− V u.

1979-6

February 2: On understanding Schwinger V, Phys Rev 93, 615.

February 3: More on the Lipmann-Schwinger determinant.

February 4-8: Green’s functions for the Klein-Gordon equation.

February 9: State vector for the Schrödinger picture. Schwinger’s formula relating a vacuum
expectation to a determinant.

February 10: Propagation approach to the ordinary Schrödinger equation.

February 11: Review of S-matrix formulation. Understanding the interaction Hamiltonian in the
case of a Dirac field perturbed by an external EM field.

1979-7

February 13,15: Comments on analogies between interacting quantum fields and second quanti-
zation applied to the Klein-Gordon equation. Quantizing a classical field theory derived from a
Lagrangian.

February 17: Segal’s viewpoint on quantum field theory.

February 18: Viewpoint applied to the Klein-Gordon equation.

February 19,20,21: Understanding the S-matrix on the classical level. Classical mechanical system
picture. Heisenberg picture.
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February 22: Understanding the field equation φ′′ = −(−∆ + m2)φ as a continuous system of
coupled harmonic iscillators.

1979-8

February 23,24: On a coupled harmonic oscillator with HamiltonianH = 1
2

(∑
i p

2
i +

∑
i,j qiVijqj

)
.

February 27: On understanding Schwinger’s transformation functions.

March 2: On the Hamiltonian H = a∗a− 1
2ε(t)q

2.

March 3,4: Schwinger’s variational principle.

March 6,9: On H = 1
2 [p2 + (γq)2 − qεq].

March 10,11: Quantizing the Dirac differential equation:

[
1

i

∂

∂t
+ α

1

i

∂

∂x
+mβ

]
ψ = 0.

March 12: Observation on a complex vector space equipped with a hermitian inner product.

1979-9

March 13-16: Fermion quantum mechanics and Clifford algebras.

March 18: Classical action and quantum mechanical propagation. Hamilton-Jacobi partial differ-
ential equation.

1979-10

March 20: Morse theory from the viewpoint of classical mechanics. Gauge theory and a review of
Bott’s lectures.

March 22-26: Quantizing the Dirac equation.

March 27-30: Schwinger’s sources. Understanding (λ−H0)−1(λ−H) = 1−G0(λ)V where H0 is
the Dirac operator and H = H0 + V .

April 7: Lax-Phillips semi-groups.

1997-11

April 12: Classical magnetism model, Ising model, Heisenberg ferro-magnetism model, quantum
mechanical model.

April 13: Gauge theory.

April 14: On Feynman path integrals.

April 15,16: Path integrals from Abers-Lee.

April 17: A question about discrete analogues of quantum mechanical motion on the line.

April 19: Solvable models in algebraic statistical mechanics.

April 24: Review of statistical mechanics.

April 22-24: Undestanding some thermodynamics. Maxwell-Bolzman distribution.

1979-12

April 25: Analysis for a Hamiltonian which depends only on k =
∑N
i=1 si, giving partition function∑n

k=−n
(

2n
n+k

)
e−βH(k) where 2n = N .

April 26: Simons-Griffiths limiting process.

April 27: Entropy and free energy.

April 29: Magnet model and spin waves.
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May 3,4: BCS model.

May 5: Bose gas. RH for finite fields.

may 6: Ising model again.

May 7: Classical grand canonical ensemble.

May 8: Review box and reservoirs.

May 10: Idea for a model of a liquid using K-theory.

May 13,15,16: Maxwell’s equations using differential forms.

May 17: On relativity.

May 19: On special relativity.

May 20: Analysis of a geodesic flow twisted by a 2-form.

May 25,26,27: Magnetism. Review of electorstatics. Magnetostatics. Yang-Mills.

1979-14

May 28,30,31: Lagrangian approach.

June 1-5: Solving first order PDEs and Hamiltonian-Jacobi PDEs.

June 8: On the calculus of variations and Feynmann integrals.

June 9: Geometric optics from the wave equation viewpoint.

June 10: Solution to
∂S

∂t
+H(t, q,

∂S

∂q
) = 0. Solution to Hamilton-Jacobi equation L(q, q̇) = |q̇|.

June 11: Phase and group velocity. Return to solving
∂S

∂t
+H(t, q,

∂S

∂q
) = 0 where H does not

depend on time.

June 12: Huygen’s wave-front approach to classical mechanics.

June 13: Relativistic motion of a particle.

June 15,16: Wave front description for classical relativistic mechanics.

1979-15

June 17: Maupertuis principle.

June 18,19,21: Getting a second order differential equation q̈ = F (t, q, q̇) into Hamiltonian form.

June 22: On wave fronts and energy momentum. Relativistic motion.

June 23: More on relativistic motion of a single particle.

June 24: Summary of particle motion. Quantization.

June 25: On understanding the motion of a charged particle in an external electro-magnetic field.

1979-16

June 26,27,28: On understanding scattering by an external electro-magnetic field of compact
support in space time.

June 30: On the ∂-problem associated to L2(Rn) where qi = multiplication by xi, pi = 1
i
∂
∂xi

.

Review harmonic oscillator with perturbation H = 1
2p

2 + 1
2q(w

2 + ε)q. Phonons in a crystal.

July 4: Scattering of a slow neutron by a crystal. Review of potential scattering, the S-matrix,
Lipmann-Schwingwer.
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July 5: Scattering matrix when the potential V is spherically symmetric.

1979-17

July 6: Conventions concerning the Ricatti-Bessel functions. More on scattering theory for a
spherically symmetric potential.

July 7,9: On the T -matrix.

July 13: More on phonons.

July 14,15: Perturbing the potential energy term of the oscillator. Feynmann diagrams and
integrals.

July 17,18: How diagrams label terms in the perturbation expansion for the ground state energy.

July 19: Review the perturbation problem H = H0 + V of the Hamiltonian.

July 22: On H = H0 + V where H0 =
∑
Eka

∗
kak and V =

∑
Vkla

∗
kal.

1979-18

July 22: More on Schwinger - finding the S-matrix.

July 26,27.28: A forced harmonic oscillator.

July 29: Schwinger and sources in the fermionic situation.

July 30,31: Review path integrals.

August 1: Understanding Green’s function for an oscillator. Linear response (Kubo).

August 2: Perturbative expansion of the Green’s function.

August 3: On the 1-particle Green’s function.

1979-19

August 10: Perturbing an oscillator by a source, translation action and holomorphic representation.
Note on uncertainty and coherent states. Quantizing the Klein-Gordon field φ̈ = −(−∆ +M2)φ.

1979-19

August 11,12: Formulas for diagonalization of the Hamiltonian for scalar phonon oscillator on a
finite abelian group and quantizing the Klein-Gordon field.

August 13: Metaplectic representation. On H = 1
2p

2 + 1
2w

2q2 + 1
2ε(t)q

2.

August 15: To compute e
aD2

2 e
bx2

2 and apply it to the oscillator H = 1
2p

2 + 1
2 (wq)2 + ε

2q
2 − Jq.

1979-20

August 17: Fermion algebra. Slater determinants. 2nd quantization. Degenerate electron gas.

August 18: Degenerate electron gas.

August 19: Many particle system of fermions. Leyman representation.

August 20: Many body problem.

August 23: Notes and comments on the simple harmonic oscillator subjected to an external
perturbation.

August 24,25: Expension of et(A+B). Adiabatic formalism (as in Schweber’s book). Gelmann-Low
formula for general energy shift.

August 26: Review adiabatic formalisim.

August 27: Evolution of eigenstates.
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1979-21

August 28,31: Calculations for A0 = − d2

dx2
+m2 and A = − d2

dx2
+M2 + ε(x), ε small. Review

quantizing Klein-Gordon field.

Septemebr 1: Does the adiabatic approach work for a finite dimensional operator?

September 3: To understad the effect of a single impurity atom on an electron gas.

September 6: Scattering for a spherical potential revisited.

September 9,12: Computing the transformation function < q′|UJ(T, 0)|q > forH = 1
2p

2 + 1
2 (wq)2 − Jq

where J is supported in [0, T ].

September 15: Expressing the S-matrix in terms of time-ordered vacuum operator values.

September 16: Green’s function for a system with a time dependent Hamiltonian.

1979-20

September 17-23: On ”in” and ”out” operators. Review thinking of quantum mechanics as a
bundle on Hilbert spaces over a time axis. Calculating the S-matrix.

September 24: Diagrams in energy-momentum notation.

September 28: Melrose’s problem on the propagation of singularities for ∂2t u = (∂2x + x2∂2y)u.

September 29: To construct the Green’s function for −∂2x + η2x2.

1979-23

September 29-October 9: Victor’s problem: When K be a strictly convex compact body in Rn,
containing 0 in its interior, N(t)= number of lattice points in tK =

∑
x∈Z ξK( 1

tx), understand

N(t) as t→∞. Van der Corput situation. Singularities of K(x, t) = (2π)−n
∫
dξei(xξ−tQ(ξ)

October 10: On −∆ +m2 + V where V is small.

1979-24

October 12,13: Instantons - Colman’s lectures, and related calculations. Review of some solitons.

October 14: Double well potential.

October 16: Electrodynamics review.

October 17: Dirac equation. Relativistic notation. Field equations for electrodynamics.

October 18: Variational problems occuring in Hamilton’s principle.

1979-25

October 19: Contribution of multiple instantons to the amplitude < x, |e−T H
~ |x′ > as T →∞.

October 20: WKB answers by instanton methods.

October 21: DHN papers (Dashen, Hassacher, Neveu) Phys Rev D11 (1975), 3424.

October 26: Path integrals < x|eiTH |x′ > =
∫

Dx(t)e−S .

October 27: Volterra transform methods of Gelfand and Yaglom. Feynmann integrals.

October 28: Two ways of constructing a classical semi-classical approximation to the amplitude

< x|U(T, 0)|x′ >=
∫
x(0)=x′,x(T )=x

Dx(t)ei
1
~
∫ T
0

( 1
2 ẋ

2−V )dt.

October 29,31: On solving (− 1
2∆ + V )ψ = Eψ by the WKB method.
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November 2: Understanding the approximation to a quantum problem obtained by expanding
around a classical solution.

November 3: Legendre transformation. Maxwell-Bolzman distribution.

1979-26

November 4-10: Understanding the quantum mechanics of H = p2

2 +V (q) where V = 1
2w

2x2+gx4.

November 14: Victor’s lectures on Tauberian theorem.

November 16: Wiener Tauberian theorem. Review of the ζ-function, Prime Number theorem.
Exponential integral function.

November 18: How Tauberian results are used in spectral theory.

1979-27

November 21: Mumford’s theroem on resolving singularities of an isolated singular point on a
surface.

November 25,26: Mumford’s theorem concerning real symmetric matrices A = (aij) with aij ≤ 0
for i 6= j. Relation between Mumford’s theorem and Frobenius theory fo matrices with positive
entries. More Tauberian results from Victor’s course.

November 28: Amit’s account of the Ising partition function.

November 30: Ising model partition function.

December 1,3: Computing the partition function tr(e−βH) for the 1-dimensional harmonic oscil-

lator H = p2

2 + 1
2w

2q2.

December 5: On understanding free field theory.

December 6: Victor’s lecture on Szego’s theorem (Widon’s proof).

1979-28

December 7,8: Analogy between Ising model partition function and field theory generating func-
tions.

December 9-15: Computations for the φ4-theory using Feynmann diagrams. Weiss theory for Ising
model.

December 16: Free graphs and Legendre transformations.

1979-29

December 24: Correction terms for Stirling’s formula by Feynmann graphs.

December 26: On the vertex function.

December 27: Fermi gas.

December 28: Fermi’s version of thermodynamics formulas.

December 29,30: To find a good model for interacting fermions.

December 31: Heisenberg chain.

1979-30

Late December conversations with Kostant.
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